SUMMARY Stress evaluation was carried out in 26 patients approximately 7 months after aortic valve replacement with Bjork-Shiley valves (13 patients) and St. Jude medical valves (13 patients). During isoproterenol infusion (0.3 gg/kg/min), cardiac output increased by a factor of 1.5 and aortic valve area decreased by 50% for both valve groups, while transvalvular gradients (rest: 7 ± 2 vs 10 ± 5 mm Hg,p > 0.05) increased to 42 + 18 vs 51 ± 18 mm Hg (p > 0.05), i.e., to levels of moderate aortic stenosis. However, during pacing stress these values progressively decreased with rising heart rates. In other postoperative evaluations that included ergometric stress with isoproterenol and pacing, induced hemodynamic changes after aortic valve replacement were predictable and consistent with regard to both direction and magnitude, and they differed characteristically according to the type of stress used.
REGRESSION of left ventricular hypertrophy and recovery of previously depressed cardiac function have been observed in patients who have had successful aortic valve replacement; return to a nearly normal lifestyle has been reported by patients after relief of their symptoms, which included substernal chest pain and shortness of breath during exercise. '17 With unrestricted activities, however, persons with valvular prostheses may be exposed to high levels of strain.
Pertinent data on patients who were investigated during stress after aortic valve replacement have been reported infrequently, although such data would be of practical relevance. Usually, hemodynamic measurements are obtained under resting conditions in the supine position. Therefore, the values may not be representative of the patient's usual hemodynamic state. In addition, all prosthetic devices that have been used for aortic valve replacement have one common characteristic: a residual gradient across the implanted device that leaves the patient with a mild-tomoderate outflow tract obstruction. Despite many reports of residual gradients during exercise in patients after aortic valve replacement,4' 8-11 the consistency of the determinants of aortic valve area in their mathematical relationship has not been established for patients under stress. The phenomenon of apparent changes of valvular geometry12 has been recognized, and a change of the fixed valvular orifice under altered hemodynamic conditions has been in vitro and clinical trials of new prosthetic devices.
The present investigation was undertaken to evaluate and compare prosthetic valves in a standardized protocol with routine methods that are available in the clinical catheterization laboratory. Different methods of stress were evaluated to determine stressspecific characteristics indigenous to the mode of stress and the valvular design. Two types of disc-valve prostheses were investigated and compared with respect to stress-induced alterations of their hemodynamic properties and mechanical function.
Patients and Methods
Twenty-six patients with isolated aortic valve disease underwent catheterization after aortic valve replacement. Sixteen patients were examined before and after surgery and 10 had preoperative diagnostic catheterization at mm Hg), associated with a significant increase of cardiac output. Stroke volume decreased in the group with Bjork-Shiley valves only, the systolic ejection period per beat decreased significantly in both groups, and the systolic ejection period per minute increased significantly with a concomitant increase of systolic aortic valve flow. Aortic valve area, calculated according to the Gorlin formula, decreased significantly in both valvular models (Bjork-Shiley from 2.6 ± 0.7 to 1.3 ± 0.4 cm2, and St. Jude from 2.4 ± 0.9 to 1.4 ± 0.4 cm2). Total peripheral resistance decreased in both groups during isoproterenol infusion. (A-23) . These gradients were not associated with reduced left ventricular function; normal ejection fraction was reported in both studies.4 9 Gault et al. 43 described four cases of aortic valve replacement with Starr-Edwards ball-valve prostheses for aortic insufficiency associated with a decreased left ventricular function. In these cases the velocity of circumferential fiber shortening did not improve postoperatively. We could not confirm this finding, possibly because of the more favorable hemodynamic function that has been described for the Bjork-Shiley prostheses compared with ball valves.20' 44 The computation of the aortic valve area is based on the assumption of a fixed valvular orifice. Radiographic studies have demonstrated that a modification of this view might be necessary, because a change of the valvular orifices was observed in normal and diseased valves throughout ejection. 45 
